INTRODUCTION
============

Cerebrovascular disease (CVD) is a common cause of death or disability in Koreans. Ischemic stroke is a main cause of CVD and is well known that atherosclerotic stenosis of extracranial carotid artery is a major cause of ischemic strokes ([@B1], [@B2]). Prevalence of asymptomatic carotid atherosclerosis in Korea is not uncommon and is reported up to the 12.5% ([@B3]). In current practice, early detection of asymptomatic carotid disease and carotid endarterectomy is recommended before an occurrence of major stroke to reduce morbidity and mortality associated with cerebral infarction ([@B4]).

Framingham study ([@B5]) is a well-known, prospective, population-based study for development of coronary artery disease. Thereafter many epidemiologic studies reported various risk factors for development of cardiovascular disease ([@B6], [@B7]).

We conducted a retrospective study to determine the risk factors for development of asymptomatic atherosclerotic carotid stenosis (CS) in Korean population.

MATERIALS AND METHODS
=====================

Data collection
---------------

The database of 21,400 subjects who underwent duplex ultrasonography of carotid artery on purpose of a regular check up at the Center for Health Promotion, Samsung Medical Center from March 1998 through November 2003 was collected and retrospectively analyzed. Among them, 2,805 subjects who had CS ≥30% or \<10% as well as answered to questionnaire were included for present study. Subjects with non-atherosclerotic CS or past medical history of CVD did not exist in the our study population. The subjects were divided into 2 groups; Group I, CS \<10% and Group II, CS ≥30%. Demographic data (age, sex, and body mass index \[BMI\], life style data \[smoking, alcohol consumption, aspirin medication, VO~2max~, total daily calorie intake, and fat intake\], coexisting medical conditions such as hypertension, diabetes mellitus \[DM\], hyperlipidemia, CVD, ischemic heart disease \[IHD\]) were retrieved from questionnaire and compared between group I and group II. Those who have hypertension, DM, hyperlipidemia, CVD or IHD had a reply to yes in the question (\"Do you have a experience of diagnosis about each disorder by doctor\"). Data including smoking, alcohol consumption (frequency and amount of alcohol), coexisting medical conditions and total amount of calorie and fat intake in diet surveys were collected from standardized questionnaire. Smoking status divided into two groups (current smoking group and non-smoking group) by current smoking status. Nonsmoking group is composed of past smoking or non-smoking. Alcohol consumption was divided into two groups by frequency and amounts of soju consumption in questionnaire. Over or equal 3-4 frequencies a week and ≥80 g once alcohol consumption is defined as the group of heavy alcohol consumption. Below 3-4 frequencies a week or \<80 g once alcohol consumption are classified as the other group.

Measurement of CS
-----------------

CS was defined as percentage of maximal diameter reduction at common carotid artery (CCA) or proximal internal carotid artery (ICA) on either side. The percentage of diameter reduction is calculated according to the European carotid surgery trial criteria (% stenosis=\[diameter of carotid artery including the plaque - luminal diameter at the stenotic segment/diameter of carotid artery including the plaque\]×100). CCA or ICA diameter reduction ≥30% of normal diameter at CCA or ICA was regarded as CS group (group II). Those who showed more than 30% of CS had also more than 1.2 mm intimomedial thickness.

To ascertain the precision in measuring % stenosis of carotid artery, we undertook a pilot study on 20 individuals. ICA and CCA diameter was measured 2 times on 20 individuals (right ICA and CCA, 10; left ICA and CCA, 10) by 2 examiners. We examined the inter-examiner bias between 2 examiners and intra-examiner bias between 2 examinations by same examiner. Our inter- and intra-examiner biases (mean±SD) were 3.7±2.5% and 2.4±2.6% respectively. Intraclass correlation coefficient of Inter-examiner is 0.9639 (95% confidence interval \[0.9147, 0.9851\]). Intraclass correlation coefficient of intra-examiner is 0.9787 (95% confidence interval \[0.9491, 0.9912\]). The difference between measured % stenosis of carotid artery obtained in repeated examination by a examiners was kept less than 10% in our practice.

All carotid examinations was performed with color flow ultrasonograpies (Antares, Siemens medical system, Germany; LOGIQ 9, GE medical system, Milwankee, WI, U.S.A.) by registered vascular technists.

Laboratory assay and anthropometric measurement
-----------------------------------------------

Leukocyte counts, platelet counts, fasting glucose, total cholesterol, triglyceride, high density lipoprotein-cholesterol (HDL-C), low density lipoprotein-cholesterol (LDL-C), high sensitivity C-reactive protein (hs-CRP), Lipoprotein~(a)~ (LP~(a)~), homocysteine, fibrinogen and plasminogen activator inhibitor-I (PAI-I) were measured.

To measure peak oxygen uptake values (VO~2max~), the subjects performed symptom-limited graded exercise tests on the treadmill using the Bruce protocol. Peak oxygen uptake (mL/kg/min) was defined as the highest value recorded during the test. Height and weight were measured and the BMI (body mass index) was calculated as weight (kilograms) divided by height squared (square meters).

Statistical analysis
--------------------

Logistic regression analysis was conducted by fixing the each group as dependent variable and the putative risk factors as independent variables. Continuous variables such as age, BMI, VO~2max~, total daily calorie intake and fat intake were analyzed by t-test. Sex, smoking, alcohol consumption, aspirin medication, hypertension, DM, hyperlipidemia, CVD and IHD were analyzed by χ^2^ test. The age- and sex-adjusted relative risk to develop CS was calculated with odds ratio with 95% confidence interval (CI). Risk factors were examined by a forward stepwise multiple logistic regression analysis with entering the significant variables. Statistical significance was assumed at *p*\<0.05. Statistical analyses were performed with SAS version 8.1 (SAS Institute Inc, Cary, NC, U.S.A.).

RESULTS
=======

Demographic, clinical and life style factors
--------------------------------------------

The prevalence of group II (CS ≥30%) was 7.0% (197/2805) increasing its prevalence with age (*p*\<.001) ([Table 1](#T1){ref-type="table"}). But there was no significant association between 2 groups in sex or BMI. DM, hypertension, CVD, IHD and hyperlipidemia were significantly more common in group II at age- and sex-adjusted logistic regression analysis. At age- and sex-adjusted logistic regression analysis, current smoker and daily aspirin medication were more common in Group II. Heavy alcohol consumption, VO~2max~, daily calorie intake or fat intake did not significantly associated with CS.

Laboratory variables
--------------------

At age- and sex-adjusted logistic regression analysis, group II was associated with significantly higher levels of total cholesterol, LDL-C, fasting glucose and leukocyte count compared to Group I ([Table 2](#T2){ref-type="table"}). But there were no significant difference in serum level of triglyceride, HDL-C, homocysteine, PAI-1, hs-CRP, fibrinogen, LP~(a)~ or platelet count between 2 groups.

Stepwise multiple logistic regression analysis
----------------------------------------------

Finally, we conducted stepwise multiple logistic regression analysis in which above significant variables were used as independent variables. Number of subjects entered into the stepwise logistic regression model were 113 in group II and 1007 in group I. Entered variables were age, sex, BMI, DM, hypertension, hyperlipidemia, CVD, IHD, daily aspirin medication, interaction term between medical history of hypertension and hyperlipidemia, total cholesterol, LDL-C, fasting glucose and leukocyte count. The interactions among variables were not significant except interaction term between hypertension and hyperlipidemia. As a result, age, hypertension, hyperlipidemia, LDL-C and leukocyte count were independent risk factors for development of CS ([Table 3](#T3){ref-type="table"}). Smoking was already recognized as significant independent risk factors by the age- and sex-adjusted logistic regression analysis. But we did not enter smoking into stepwise logistic regression model due to great numbers (43.7%) of missing data regarding smoking history. Instead, we conducted an analysis on putative risk factors stratified by current smoking status. Subjects entered into stratification analysis were 38 in group II and 115 in group I for current smoker, and 21 in group II and 46 group I for non-smoker. When stepwise logistic regression analysis was performed after stratification by smoking, age and leukocyte count were independent predictors of CS in current smoker while age and hypertension were independent predictors in non-smoker ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

A number of risk factors for atherosclerosis have been proposed to identify high-risk individuals to develop cardiovascular disease ([@B7], [@B8]). A few population-based studies revealed the impact of vascular risk factors on carotid atherosclerosis ([@B9]). The Framingham study reported that age, cigarette smoking, systolic blood pressure and high serum cholesterol were independent risk factors of carotid atherosclerosis ([@B10]). A number of new candidate markers have been proposed as predictors of atherosclerosis ([@B7]). We examined various variables to find out risk factors for development of asymtomatic atherosclerotic CS in Koreans.

Duplex ultrasonography is known as the most useful noninvasive method to detect CS and measure the degree of stenosis ([@B11]). With improving non-invasive imaging technology with ultrasound, duplex ultrasonography has replaced carotid arteriography and became a screening tool in detection of extracranial carotid disease with high accuracy ([@B11]). We examined the inter-examiner bias between 2 examiners and intraexaminer bias between 2 examinations by a same examiner. Our inter- and intra-examiner biases (mean±SD) were kept less than 10% in our practice. On the basis of this pilot study, we defined the control group as CS \<10% and the cut point of our study was equal or over 30% diameter stenosis of carotid artery at either side. Our study patients were mostly composed of mild (\<50%) carotid stenosis and severe stenosis (\>70%) is rare in our study population.

Old age and male gender have been well-known risk factors to atherosclerosis ([@B6]). In our study, old age is a risk factor, but male gender was not a risk factor. In present study, fasting glucose level was higher in stenosis group than in control group. Fasting glucose level was under control in most of the known diabetes by use of oral hypoglycemic agent or insulin in our study. Higher level of total cholesterol and LDL-C as well as medical history of hyperlipidemia were found in stenosis group than in control group. Those who had a daily aspirin medication had a concurrent medical illness such as hypertension, CVD or IHD in substantial numbers of subject. Our observation of more common daily medication of aspirin in stenosis group can be explainable by this reason that aspirin medication is not a risk factor for CS but merely a result of concurrent medical illness.

Inflammation is widely accepted that it works a central role in pathogenesis of atherosclerosis ([@B12], [@B13]). We also examined inflammatory markers such as leukocyte count, hs-CRP, serum fibrinogen, Lp~(a)~, serum homocysteine and PAI-1 whether they work as risk factor to CS or not. Among various inflammatory markers examined, higher leukocyte count was only independent risk factor of CS in present study. Recent report suggested that CRP is a strong predictor of future development of CVD ([@B7]). Unlike other inflammatory markers, CRP levels are stable over long periods, can be measured inexpensively with available high sensitivity assays, and have shown high specificity in predicting the risk of CVD ([@B7], [@B13]). Our data did not show any significant difference of hs-CRP level between 2 groups. Decisions regarding clinical use of CRP remain uncertain. Higher level of serum fibrinogen was reported as a significant independent predictor of recurrent cardiovascular events after adjustment for conventional risk factors ([@B7], [@B13]). But, they could not conclude whether fibrinogen has a causal role in atherothrombosis or is merely a marker of the degree of vascular damage. Elevation of serum Lp~(a)~, homocysteine and PAI-1 was reported to predispose to atherosclerosis in the general population ([@B7], [@B13]). Present study demonstrated no significant difference of fibrinogen, Lp~(a)~, PAI-1 or homocysteine between 2 groups. There were so many missing data in those inflammatory markers that we can not exclude selection bias.

Several reports indicate that inflammatory processes and modifiable risk factors interact with genetic factors to cause stroke ([@B12]-[@B15]). Smoking is well known as an independent modifiable risk factor of stroke ([@B9], [@B14]). In our study, smoking was recognized as a significant risk factor in age- and sex-adjusted logistic regression analysis. The limitation of our study is great numbers (43.7%) of missing data regarding smoking history. We did not enter smoking into stepwise logistic regression. Instead, we conducted an analysis on putative risk factors stratified by current smoking status. Although small or moderate amount of alcohol consumption was reported to be associated with reduced risk of stroke, excessive alcohol intake and alcohol binges were reported to increase risk of stroke and its recurrence ([@B15]). We could not find any association between heavy alcohol consumption and carotid stenosis.

The limitation of our study is inter-observer bias of measurement of carotid ultrasonography. The other limitation is not general population based study but specific class composed of those who had more attention about health promotion than general population as well as high economic status based study. The aim of this analysis was to produce reliable estimates of relative risk of each variable.

In conclusion, age, hypertension, hyperlipidemia, higher leukocyte count and higher serum level of LDL-C were found to be independent risk factors of CS diagnosed by carotid duplex ultrasonography during the regular health examination. Our result showed that screening carotid ultrasonography is needed in subjects who had many risk factors such as age, hypertension, hyperlipidemia, higher leukocyte count and higher serum level of LDL-C to prevent CVD.
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Risk factor analysis^\*^ with demographic, clinical and life style factors
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^\*^Age and sex-adjusted logistic regression analysis.

Group II is defined as carotid stenosis which had equal or over 30% diameter reduction by ultrasonography and Group I is lesser than 10%.
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Risk factor analysis^\*^ with laboratory data
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^\*^Age and sex-adjusted logistic regression analysis.

Group II is defined as carotid stenosis which had equal or over 30% diameter reduction and Group I is lesser than 10%.

HDL-C, high density lipoprotein-cholesterol; LDL-C, low density lipoprotein-cholesterol; hs-CRP, high sensitivity C-reactive protein; PAI-1, plasminogen activator inhibitor-I.
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Stepwise logistic regression analysis
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CI, confidence interval; LDL-C, low density lipoprotein cholesterol- cholesterol.

^\*^all variables in full model are as follows: age, sex, BMI, DM, hypertension, hyperlipidemia, CVD, IHD, daily aspirin medication, interaction term between medical history of hypertension and hyperlipidemia, total cholesterol, LDL-C, fasting glucose and leukocyte count.
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Stepwise logistic regression analysis after stratification by current smoking status
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CI, confidence interval.

^\*^all variables in full model are as follows: age, sex, BMI, DM, hypertension, hyperlipidemia, CVD, IHD, daily aspirin medication, interaction term between medical history of hypertension and hyperlipidemia, total cholesterol, LDL-C, fasting glucose and leukocyte count.
